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PEPTIDE-MEDIATED GENE TRANSFER 



BACKGROUND OF THE INVENTION 

The present invention is directed to a methodology for 
highly efficient stable integration of DNA into a eukaryotic 
genome. More sp-cifically. the present invention is directed 
to the use of a synthetic polypeptide, containing a nuclear 
localization signal, to complex with a DNA molecule and to 
facilitate its transportation and integration into the nuclear 
genome of a mammalian or other eukaryotic celL for 
example, in the context of producing cell lines with an 
extended life. 

DNA-CaP0 4 co-precipitation was the first method devel- 
oped to introduce genes into rnamrnalian cells. ("Gene** in 
this regard denotes a structural DNA segment Le.. a DNA 
that codes for a polypeptide, and comprehends oncogenes as 
well as DNAs coding for a known expression product.) The 
co-precipitation method was applicable only to certain ceil 
types, however, and could not be used to introduce genes 
into a wide variety of cell lines, especially those of hemato- 
poietic origin. Moreover, the stable gene transfer efficiency 
was rather low. on the order of 1(T* to 10" 6 . McNally. M. A., 
et. aL. BioTechniques 6: 8826 (19S8); Yen.T. S. B.. et aL. 
loc. cit. 6:413 0988), 

Limits on introducing and expressing genes in cultured 
mammalian cells motivated a search for other, more efficient 
approaches to gene transfer. Methods were developed, for 
example, that utilized chemical agents which were posi- 
tively charged and. hence, able to complex with negatively 
charged DNA molecules. Examples of such agents include 
DEAE dcxtran and various cationic lipid molecules. Cells 
treated with DNA complexes comprised of such an agent 
can lead to the introduction of the DNA into different 
mammalian cell lines. Mann i no, R. J. et. al.. BioTechniques 
6: 682 (1988); Feigner, R et aL. Prvc. Nai'lAcad. ScL USA 
84; 74 13 (1987); Fraiey. R. cl aL. Trend Biochem. Set. 6: 77 
(1981); Holler. W. et. aL. Exp. Cell Res. 184: 546 (1989); 
McCutchan, J. H. et a!.. /. Afar 7 Cancer Inst. 41: 35 1 ( 1986); 
Chancy, W. C. et aL. Somatic Cell <k Mol Genet. 12: 237 
(1986). 

The production of a gene product for only a short time 
period after transfection. usually from 48 to 72 hours, is 
called "transient expression." Many of the DNA- 
complexing agents reported heretofore, while useful in 
transferring a gene into mammalian cells, resulted in only 
transient expression of the introduced gene in a small 
fraction of the transfected cells. See. for example. Miller et. 
a!.. Free. Natl Acad Sci^ USA. 76: 949 {1979): Oi et aL. 
loc. cit. 80: 825 (1983). 

In addition to giving poor results with respect to stable 
gene expression, transfer methods based on such DNA- 
complexing agents often were effective only with estab- 
lished cell lines, and did not work very well with primary 
cells isolated from various mammalian species. Other tech- 
niques therefore were needed to enhance gene transfer 
efficiency, to increase the variety of cell types capable of 
being transfected, and to effect stable gene transfer. Stable 
gene transfer is the ability of cells to maintain and express 
transfected DNAs in a stable manner, through integration of 
the transfected DNA into cell chromosomes. 



Retro vital vectors, which were under development at 
about the same time seemed to be quite effective in trans- 
ferring genes into different cell types. The use of such 
vectors was prompted by the elucidation of gene regulation 
in various murine and avian retroviruses. Two other devel- 
opments led to the development of retrovirus-based gene 
transfer vehicles. The first development was the identifica- 
tion of minim*! sequences required for efficient packaging 
of viral particles in a cell line which produced the coat 
proteins and other structural components of the viral particle 
in trans. The cell lines that provided the structural compo- 
nents for virus development are called packaging" cell 
lines. The second significant step in the establishment of 
retroviral vectors was the development of both ecotropic and 
amphotropic packaging cell lines* which aided the design of 
recombinant retroviral particles which could infect both 
murine and human cell lines. 

Additional modifications of retroviruses were deemed 
necessary to address concerns that retroviral vectors could 
recombine in vivo to generate wild-type virus. Develop- 
ments in this regard yielded a number of safe retroviral 
vectors which have been used to transfer genes into a variety 
of established ma mmalia n cell lines, as well as into certain 
primary cells in a few instances. E. Gilboa et aL. BioTech- 
niqucs 4: 504 (19S6); A- D. Miller et al., Mol Cell Biol 6: 
2895 (1986); H. Stuhlmaan et aL. loc. ciL 9: 100 (1989); A. 
D. Miller et aL. BioTechniques 7; 980 (1989); J. A. Zwiebel 
et al. Science 243: 220 (1989). 

Even though these vectors were effective with respect to 
various mammalian cells, there were many restrictions on a 
wider application of the retroviral gene-transfer technique. 
These limitations included (1) the size of exogenous DNA 
that can be inserted into a retroviral vector and (2) the use 
of only dividing cells for retroviral gene transfer. E. Gilboa, 
BioTechniques, supra (1986); A. D. Miller, supra (1986); H. 
Stuhlmann. et al.. Mol Cell Biol supra. ( 1986); A. D. Miller 
et aL. BioTechniques, supra '(1986); J. A. Zwiebel et al.. 
supra (1989). 

Other viruses have been used to generate recombinant 
viral vectors for gene transfer studies. Adenovirus, adeno- 
assodated virus, herpes simplex virus, and even HIV have 
been employed as vectors to introduce genes into both 
established cell lines and primary cells. Some of these viral 
vectors are capable of transferring genes into non-dividing 
cells. R. J. Samulski. et al.. EMBO J. 10: 3941 (1981>; J. D. 
Tratschin. et al. Mol Cell. Biol 5: 3251 (1985): P. L. 
Hermonat et al. Proc. Nafl Acad. ScL {USA) 81: 6466 
( 1984); D. J. Fink, et al. Human Gene Therapy 3:11(1 992). 

Viral vectors capable of transferring genes into non- 
dividing cells usually require the generation of high-titer 
viral stock in order to achieve high efficiency gene transfer 
into different cell types. In addition, whenever a different 
regulatory sequence is to be tested for optimal level of gene 
expression into primary cells, a new viral stock must to be 
made and tittered for every modification. All these involve 
very time-constiming experimental manipulations. 

Still another concern relates to the application of viral 
vectors in human gene therapy. A number of studies have 
been carried out in primates to test the safety of retroviral 
vectors for introducing cells transduced with retroviral vec- 
tors into animals. Some of these animals have developed 
various forms of lymphoma. R. E. Donahue, et al.. J. Exp. 
hied. 176: 1125 (1992). Additional safety features have been 
introduced into some of the newer versions of retroviral 
vectors, yet are not available for all types of viral vectors. 



SUMMARY OF THE INVENTION 
It therefore is an object of the present invention to provide 
a method for high efficiency gene transfer to achieve 
expression, stable as well as transient, in a wide spectrum of 
cell types, including primary ceils from various mammalian 
species. 

It is also an object of the present invention to provide cell 
lines which, even if derived from primary niammalian cells, 
are characterized by an extended life in culture! ; 

It is another object of the present invention to provide a 
readily implemented screening system for identifying 
sequences that influence in the expression of cloned genes in 
various primary cell types from different species. 

In accomplishing these and other objectives, there has 
been provided, in accordance with one aspect of the present 
invention, a trausfection vector comprising a synthetic 
polypeptide linked electrostatically to a DNA structural 
sequence, forming a polypcptide-DNA complex, where the 
polypeptide is comprised of (A) a polymeric chain of basic 
amino acid residues, (B> an NLS peptide and (C) a hinge 
region of neutral amino acids that connects the polymeric 
chain and the NLS peptide. The polymeric chain preferably 
is comprised of between 10 and 50 residues, wliich can 
selected from lysine, argininc and ornithine, for example, 
while the hinge region is comprised of between 6 and 50 
amino add residues selected, for example, from glycine, 
alanine, leucine and isolcucine. The NLS peptide preferably 
is located at the amino terminus of said polypeptide and the 
polymeric basic amino acid chain at the carboxyl terminus. 
Among exemplary NLS peptides are the SV40 large T 
antigen NLS sequence, the polyoma large T antigen NLS 
sequence, the adenovirus Ela NLS sequence, and the aden- 
ovirus Elb NLS sequence. 

In accordance with another aspect of the present invention 
an extended life cell line is provided that is the product of 
transfecting a mammalian cell with a vector as described 
above. The mammalian cell thus transfected can be selected, 
for example, from the group consisting of a human umbilical 
vein endothelial cell, a human dermal microvascular endot- 
helial cell, a human peripheral blood monocyte/macrophage 
cell, a human aortic smooth muscle cell, and a rabbit liver 
do n -parenchymal cell. 

Other objects, fearures and advantages of the present 
invention will become apparent from the following detailed 
description. It should be understood, however, that the 
detailed description and specific examples, while indicating 
preferred emrxKiiments of the invention, are given by way of 
illustration only, since various changes and modifications 
within the spirit and scope of the invention will become 
apparent to those skilled in the art from this detailed descrip- 
tion. 



DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 



The present invention allows for the highly efficient 
transfer and stable integration of DNA into eukaryotic cells, 
such as ceils from established mammalian cell lines, primary 
ceils from mammalian tissues, and plant cells. The present 
invention also can be applied to developing cell lines from 
non-dividing cells, such as human peripheral blood mono- 
cytes and macrophages. 

In accordance with the present invention, a synthetic 
polypeptide is provided that can complex with a DNA 
molecule very efficiency by taking advantage of the high 
negative charge density on the polynucleotide. To this end. 
a synthetic polypeptide of the present invention comprises a 
DNA-binding sequence that is rich in basic amino acids, 
such as lysine, argimne and ornithine, and that is typically 
ten to fifty residues long. D-isomers of these basic amino 
acids are suitable so long as the length of the stretch of basic 
amino adds is within the prescribed length. The DNA- 
binding sequence can be a horaopolymer of a basic amino 
acid, or it can comprise more than one kind of basic residue. 
The DNA binding sequence must be of adequate length to 
bind DNA. yet not so long that it precipitates out of the 
solutions employed in the present methodology, as discussed 
below. 

A synthetic polypeptide of the present invention also 
contains an amino acid sequence corresponding to a nuclear 
localization signal (NLS) sequence. A representative sample 
from the diverse range of nuclear localization signals which 
have been identified are listed in Table I below. (SEQ ID 
NOS:l-54). 



TABLE I 



Source 


Nuclear Protein 


Yeast 


MATa2 


SV40 




Influenza virus 


Nucleoprotein 


Yeast 


RibosoEDtl protein L3 






SV40 


V?l 


Adenovirus 


EU 


SV40 


VP2(VP3) 


Frog 


NucUsopUannn 


RmX 


Glucocorticoid receptor 


Mockcy 


r-sis (PVOF B) 


Yeast 


Hrsooe 23 


ChicVrn 


Y-rel 


Influenza 


NS1 


Frog 


m 


HuZBttl 


c-eayc 


Huznao 


lamia A 


HTLV-l 




Adenovirus 


*TP 


HTV-l 


Tat 


Frog 


Lczzuo Lt 



Deduced Signal Sequence 



{SEC ID NO: 1) K I P 1 K 

(SEQ ID NO: 2) V— R— I— L — E — S — W— F— A— £— N— 4 
(SEQ ID NO: 3) P— JC — K — K— R— £ — V 
(SEQ ID NO: 4) A— A— F — E — D— £■ — R — V — R — S 
(SEQ ID NO: 5) P— R— X — St 
(SEQ ID NO: 6) V — S — R — K — R — P — R — P — A 
(SEQ ID NO: 7) A— P— T— £ — R—K 
(SEQ ID NCh 8) K — R— P— K — P 
(SEQ ID NO: 9) P— N — K — K — K — R — X 
(SEQ ZD NO: 10) R— P— A — A— T— K — K — A— O— Q — A— 
(SEQ ID NCh II) K—K—K — X — X 

(SEQ ID Na 12) *R— V— T — I — R — T — V — R — V — R — R — P 
(SEQ ID NO: 13) G— K— K — R— S — K~-A 
(SEQ ID NO: 14) K— A — K — R — S — K — A 
(SEQ ID NO: 15) D — R— L — R — R 
(SEQ ID NO: 16) P-K-Q-K-R-K 
(SEQ ID NO: 17) V— R— K— K— R— K— T 
(SEQ ID NO; IS) a-K-K— S-K-^-B 



NO: 3) P— K — K — K— R— £ — V 

NCh 5) P— R— X — R 

Na6)^ 

NO; 7) A— P— T— £ — R—K 
NCh 8) K — R— P— K — P 
NCh 9) 3 

NCh 10) R— P — A — A- 
NCh II) K—K—K — I — X 
Na 12)*R— V— T — I — R — T — V — R — V — B 
NO: 13) G — K— K — R— S — K— A 
NO: 14)3 
NO: 15) i 

NCh 16) P-K-Q-K-R-i: 
NO: 17) V— R— K— K— R— K— T 
NO; IS) J 

(SEQ ID Na 19) P — A — A — K — R — V — K — L— D 
(SEQ ID NO: 20) R— Q — R — R— N— E — L — K4-&—F 
(SEQ ID Na 21) T— K — K — R — &— L — E 
(SEQ ID Na 22) P — K — T R R — R — P 
(SEQ ID Na 23) S— Q- R - K— R— P— -P 
(SEQ ID Na 24) R— L — P — V — R— R — R — R — R — V— P 
(SEQ ID Na 25) < 
(SEQ ID Na 26) V— R — T — 1 



fl — R — K 



4 



TABLE 1 -continued 



Rabbit 


ProgcsteiODe receptor 


fSEO ID NO 




HIV-2 


Rev 


(SEQ ID NO 


- 28\ R R N R R R R_W 


Human 


PDGF A-chain 


fSEO ID NO 


jo\ p p.i c n V V O V Q V D T V D T 

* — in-j-o— V*— — fv— JV — A. — IS. — K — ft. — K — L- — IS. r — 1 


Mouse 


c-abl 


fSEO ID NO 


V>\ V V V If V 

-a// — rw — rx — rv^^Jv 


Adenovirus 


DBP 


(SEQ ID NO 








fSEO ID NO 


32> P— K K V K K 


Chicken 


c-erb-A 


(SEQ ID NO 


33) S — K — R — V — A — K — R — K — L 


Human 


c-myb 


(SEQ ID NO 


34) P— L— L— K K— 1-4— Q ' 


rmman 


N-myc 


(SEQ ID NO 


35) P — P — Q — K— K — I — K — S 


Human 


p53 


{SEQ ID NO 


36) P— Q—P— K— K— K— *» 


Human 


Hsp 70 


(SEQ ID NO 


37) F — K — R — K—H — K — K — D — I — S — Q — N — K — R— A — V — R— R 


Hepatitis B virus 


Core protein 


(SEQ ID NO 




Chicken 


Etsl 


(SEQ ID NO 


39) G — K — R— K— N— K — P— K 


Yeas? 


Ribceomal protein L29 


(SEQ ID NO 


40) K— T — R— K— H— R — G 






{SEQ ID NO- 41) K— H— R — K— H— P — O 


Protein 




Nuclear Localization Signals 



TCA-1 A (tobacco) 
TGA-1B (tobacco) 

02 NLS B (maize) 

NIa (Fob/virus) 

VtrD2 (Agrobactexiuni) 

VirE2 NSE1 (Agrobacterium) 

Vir£2 NSE2 (Agrcbactcrium) 
02 NLS A (maize) 

R NLS A (maize) 
R NLS M (maize) 
RNLS C (maize) 



(SEQ ID NO: 42) j^-l^-A-Q-N—K-£- A-A- 
(SEQ ID NO: 43) — A — R — L — V — R — H — R — E 
(SEQ ID NO: 44)g-Q-| 
(SEQ ID NO: 45)1 

(SEQ ID NO: 46)3gggB— ?*--Q_K — H — K — L — K — M-32*a | 
(SEQ ID NO: 47)S 

(SEQ ED NO: *8^^^-P-^D^-Y^-Q-T-^jEUY-C- ^^ 
{SEQ ID NO- 49) K— T — K — Y — G — S — D — T — E — I — K — L— L — S — K 
(SEQ ID NO. 50) M — E — E — A— V — T — M— A — P— A — A— \ 
(SEQ ID NO: 5 1) M-3-Y — N — A — I- 

(SEQIDNO:52) 

(SEQ ID NO: 53) M — S — E- 

(SEQ ID NO: 54) M — I 





-D— P 



Sec Garcia-Bustos ct ai.. Biochem. Blophys. Acta 1071: 83 
(1991). Raikhcl, N.. Plan: PkysioL 100: 1627 (1992). and 
Citovsky, V. ct aL. Science 256: 1S02 ( 1992). the contents of 
each of which are hereby incorporated by reference. 

Ia the present invention, an NLS peptide, which typically 
is six to fifteen amino acids in length, facilitates transport of 
the associated DNA into the nucleus. Because the synthetic 
polypeptide promotes the transport of the transfected gene 
into the nucleus of the host cell this method provides both 
highly efficient stable and transient gene expression. Once 
inside the nucleus, the introduced DNA is immediately 
available to the transcription machinery, and can be 
expressed transiently. Simultaneously, the introduced DNA 
is also in the process of getting integrated into the host 
chromosome to give rise to stable expression. Thus, the 
method of the instant invention can achieve both transient 
and stable expression of introduced DNA* 

Transient gene expression results when the method of 
gene transfer results in the introduction of the DNA 
sequences into the nucleus in an non-integrated form. Tran- 
sient transfection is measured 24 to 72 hours after transfec- 
tion by assays that measure gene expression of the trans- 
fected gene(s). In contrast, stable expression of the encoded 
protein results when the transferred DNA sequences arc 
stably integrated into the chromosomal DNA of die target 
cell. Stable traasfectants remain capable of expressing the 
transfected DNA after two weeks or greater following the 
method of the invention. Commonly used assays monitor 
enzyme activities of chloramphenicol acetyltransferase 
(CAT). LAC-Z. {J-gaiactosidasc ({$-gal). (^glucuronidase 



(GUS). lucif erase, or human growth hormone, each of which 
may be contained in the present invention. 

The NLS domain of the synthetic peptide is based on 
known endogenous peptide sequences that were identified 
by reference to two criteria: (1) sufficient to redirect a 
cytoplasmic protein to the nucleus and (2) necessary for 
directing a nuclear protein to the nucleus. Methods for 
assessing an NLS peptide's ability to direct protein to the 
nucleus are known in the art. See Garcia-Bustos, et ai. 
supra. Sandler et ai, J. Cell Biol 109: 2665 (1989). and 
Citovsky et aL. supra* the respective contents of which are 
hereby incorporated by reference. For example, an NLS 
peptide or a natural protein containing an NLS is fused to an 
otherwise non-nuclear protein, by either synthetic or recom- 
binant production. The hybrid protein is then assessed for its 
ability to target the non-nuclear protein to the nucleus. 

The presence of the non-nuclear protein in the nucleus can 
be determined by a functional assay or immunofluorescence. 
An illustrative assay entails the histochemical determination 
of a product produced by the non-nuclear protein, such as a 
coiorimetric marker produced by P-gal or GUS. (A "colo- 
rimetric marker" includes an enzyme that can catalyze a 
reaction with a substrate to elicit a colored product which 
can be detected or measured by a variety of means, such as 
standard fluorescence microscopy, flow cytometry, spectro- 
photometry or colorimetry. ••Immunofluorescence" relates to 
detecting the presence of the non-nuclear protein in the 
nucleus by means of an antibody specific for the targeted 
protein.) 

In the past NLS peptides have been studied to assess their 
ability to target reporter proteins to the nucleus. Also. 

endogenous proteins containing an NLS. such as the VIrD2 
and VirE2 of Agrobacterium. have been shown to mediate 
the transfer of the Agrobacterium single- stranded DNA 
intermediate T- strand to the plant cell nucleus endogenously. 
See Qtovsky, et al. supra. There has been no suggestion 
heretofore, however, to use an NLS peptide to target a 
polynucleotide to the nucleus of a eukaryotic cell. 

A preferred NLS domain contains a short stretch of basic 
amino acids like the NLS of the SV40 virus large T antigen 
(PKKKRKV) (SEQ ID NO:3). which is an NLS that has 
been shown to be effective in mammalian cells (basic 
residues are highlighted). Another preferred NLS domain 
consists essentially of short hydrophobic regions that con- 
tain one or more bask amino acids (K3PIK) (SEQ ID NO:l). 
which is like the NLS of mating type a2. The NLSs that 
transport DNA into the plant cell nucleus often are bipartite, 
which means that they are usually comprised of a combi- 
nation of two regions of basic amino ^cids separated by a 
spacer of more than four residues (see stippled segments in 
Table I), such as the Xenopus nucleoplasmin 
(KRPAATKKAGQAKKKK) (SEQ ID NO:55). 

The NLS peptide of the present invention can be designed 
to accommodate different host ceils, both mammalian and 
plant cell hosts. 

The method described here can suitably be modified to 
introduce genes into plant protoplasts using plant NLSs, 
such as those described by Raikhel (19S9). supra. 

The present gene transfer system is also capable of 
transferring foreign DNA into gymnosperms and 
angiosperms. Procedures for assessing the introduction of 
foreign DNA in plants arc known to the art. such as those 
disclosed by Miki. B. L.. et al.. in METHODS IN PI^NT 
MOLECULAR BIOLOGY AND BIOTECHNOLOGY. B. 
R. Click et al.. cds. (CRC Press. 1993). and Grubcr. M. Y. 
et al.. id 



A synthetic polypeptide of the present invention thus is 
comprised of a DNA binding domain and an NLS peptide 
domain which are separated by a third element a hinge 
region of neutral ami do acid, to minimize stearic interfer- 
ence between the two domains. For this purpose, the hinge 
region ranges in length from about six to twenty-five amino 
acids, and contains a stretch of neutral small amino acids 
without any bulky hydrophobic or ionic side chains. 

The NLS sequence can be located at either the amino 
terminus or the carboy-terminus of the synthetic peptide. 
The arrangement of the two domains, basic amino acid 
sequence and NLS sequence can be interchanged without 
affecting the high gene transfer efficiency. As indicated 
previously, such a synthetic polypeptide binds electrostati- 
cally to the DNA that is to be introduced into the target celL 
The weight ratio of polypeptide to DNA in the resulting 
complex generally is in the range of 1:1 to 1:10; for example* 
1 pg polypeptide to 1 to 10 ug of polynucleotide. 

In accordance with the present invention, entry of the 
DNA-polypeptide complex into cells can be promoted by 
treating target cells with a hypertonic solution, followed by 
hypotonic treatment of ceils in the presence of gene-peptide 
complex. See. for example. Okada and Rcchsteincr, Cell 29: 
33 (1982). A suitable hypertonic solution can contain both 
polyethylene glycol (PEG) and sucrose, preferably in the 
concentration of 0.3M-0.6M and 10% to 25%. respectively, 
and is referred to as i, primer** hereinafter. Okada et ai. supra, 
and T. TaJcal ct ah, Biochetru Blophys* Acta 1048: 105 
(1990). 

The methodology of the present invention has been used 
to develop stable transfer! ants of different established cell 
lines. It also has been employed to transfer genes into 

primary cells from different mammalian species, thereby to 
obtain cell lines that retain many of the characteristics of the 
cognate primary cells. Cell lines developed from primary 
cells via the methodology of the present invention are called 
"extended life" cell lines in this description, because the cell 
lines so developed retain almost all of the characteristics of 
their cognate primary cells even in their late passage. The 
range of cell types that can be converted to extended life cell 
lines, according to the present invention, is based on the 
availability of primary cells or the ability to isolate a primary 
cell from the organ in question. In this regard, the inventive 
methodology is not limited to cell types amenable to trans- 
formation. In addition to the cell types already mentioned, 
the present invention can be applied to pancreatic beta cells, 
human liver and kidney cells, and human hematopoietic 
stem cells, among others. 

The methodology of the present invention has been used 
to develop an extended life cell line from human monocyte/ 
macrophage cells, which are normally non-dividing. In ail 
these instances, stable cell lines were obtained with a very 
higfc efficiency, either comparable to or better than the 
efficiency using retroviral vectors. 

The present invention finds application as well in both ex 
vivo and in vivo gene therapies, where genetic material is 
transferred into specific cells of a patient. Ex vivo gene 
therapy entails the removal of the relevant target cells from 
the body, transduction of the cells in xitro. and subsequent 
reintroduction of the modified cells into the patient. 

A gene therapy pursuant to the present invention could 
involve an ex vivo introduction, into a particular cell type 
from the patient, of a polynucleotide coding for a correcting 
protein which can be produced in functional form by the 
targeted cell type. Genes suitable for expression in this 
regard include an adenosine deaminase gene, a globin gene, 
an LDL receptor gene, and a glucose cerebrosidase gene. 



Different kinds of gene-therapy applications require either 
stable or transient gene expression. The method of the 
present invention is advantageous in that it can be used in 
gene therapy requiring either stable gene expression or 
transient gene expression. Transient expression of a foreign 
gene is preferred when expression of the exogenous product 
is needed only for a short period of time; thereafter, rapid 
clearance of the gene product and its vector is desirable. 
Transient expression is also desirable when the prolonged 
effects of the exogenous protein's expression are unknown. 
Stable expression in gene therapy is needed when the patient 
has a genetic defect that is incompatible with life. Such 
genetic defects include but are not limited to cystic fibrosis. 
Tay Sachs and cancer. Mulligan, Science 260: 926 (1993). 

A gene therapy pursuant to the present invention also 
could involve an in vivo introduction of a structural DNA 
into cells of a patient's body. For stable transfer of genes into 
a target tissue using this method, the ligand to the target 
receptor will be conjugated to the synthetic polypeptide* The 
polypeptide- ligand combination can be corapiexed to a 
polynucleotide coding for the needed protein and then 
introduced into the host organism through blood circulation. 
When this complex reaches the target tissue, the whole 
complex will be taken up by cells containing the correspond- 
ing receptor for the ligand through receptor mediated pro- 
cess. Because of the NLS in the polypeptide-ligand 
complex, the complex will enter into the nucleus, resulting 
in a stable integration of the introduced gene into the host 
chromosome an<L thereby, a correction of the genetic defect 
in the host Cell-specific receptors are well known to those 
of skill in the art. as are their Hgands which can be used in 
complexes for receptor-mediated gene transfer. Michael. S. 
L. et aL. J. Biol. Chem. 268: 6S66 (1993). For example, 
when the liver is the tissue targeted for gene therapy, the 
DNA encoding corrective protein is complex ed to a syn- 
thetic neoglycoprotein that will target the complex to the 
asialoglycoprotein receptor on hepatocytes. For example, a 
cell type specific receptor such as asialoglycoprotein can be 
chemically linked to the transfection vector at the carboxyl 
terminal of the synthetic polypeptide molecule to deliver the 
foreign gene directly into liver cells. An additional hinge 
region can be mcorporated into the molecule before chemi- 
cally Making the polypeptide molecule to a cell-type specific 
ligand molecule, such as asialoglycoprotein or a cell-specific 
monoclonal antibody. 

An example of a carrier useful for receptor-mediated gene 
transfer to liver is a synthetic glycoprotein in which bovine 
serum albumin (BSA) is covalently bound to poly L-iysine 
using i-ethyi-3-(3-dimethylaminopropyl) carbodiimide 
(EDQ. Ferkol et ah. FASEB 7: 1081 (1993). To produce a 
neoglycoprotein conjugate for use in targeting DNA to liver, 
a reaction mixture that contains about 170 mM galactose. 4 
raM poly (L-lysine). 160 mM BSA and 10 mM EDC (pH 
7.5) can be incubated for 48 hours at 22° C. DNA is 
complexed to the neoglycoprotein carrier in a 360:1 molar 
ratio. The carrier- DNA complexes are dialyzed against 150 
mM sodium chloride before transfectioa. 

Expression of a functional protein after transfection with 
DNA complexed to ligand alone is often transient Ferkol et 
aL. supra. The method of the present invention greatly 
improves the cell-specific targeting of receptor- mediated 
transfection by providing stable expression by increasing 
stable integration of a foreign DNA in the host cell using a 
synthetic polypeptide molecule of the present invention. 
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A variation of receptor-mediated gene transfer employs 
coupling a synthetic polypeptide as described above to 
monoclonal antibodies which recognize a cell surface anti- 
gen on the target ceils. Maruyama et ai.. Proc. Nat'l Acad, 
ScL USA 87: 5744 (1990). The coupled monoclonal antibody 
and synthetic polypeptide then are complexed with a DNA 
encoding the required or desired protein. This complex will 
target the DNA to the cells expressing the corresponding cell 
surface antigen. Any tissue of the human body can be 
targeted for the gene therapy of the present invention using 
the disclosed methods. A target tissue is suitable in this 
context so long as it is susceptible to genetic modification 
according to the present invention. 

The present invention is further described with reference 
to the following examples, which are only illustrative and 
not limiting of the invention. - 

EXAMPLE 1 

Transfer of Genes into Established Cell Lines for 
Purposes Transient Gene Expression and Selection 
of Stable Transfectants. Respectively 

Forming the DNA-Polypeptide Complex and 
Transfecting Cells Therewith 

The DNA or other polynucleotide to be transfected, such 
as a plasmid containing a gene for a drug resistance marker 
or coding a protein needed for expression in the host cell, is 
complexed to a synthetic polypeptide molecule in different 
weight ratios in an isotonic buffer solution. For example the 
weight ratio of DNA:polypeptide can be between 1:1 and 
10:U although ratios outside of this range may be evaluated 
empirically for achieving the objects of the present inven- 
tion. An isotonic buffer solution such as Hanks buffered salt 
solution or HEPES buffered saline may be used for com- 
plexing DNA to polypeptide* 

While the complex is formed the cells that are to be 
transfected either remain attached to a substratum, such as a 
tissue culture dish, or are pelleted (for cells that grow in 
suspension). The cells are treated with a hypertonic primer 
solution, such as a concentration of 0.3M-0.6M sucrose and 
10% PEG in either Tris-HCl or HEPES (pH 7.2) buffered 
solution, for 3-5 rains at room temperature. The primer 
solution then is removed. 

After the DNA-polypeptide complex is formed, it is made 
hypotonic. The complex solution is hypotonic when it has a 
lesser osmotic pressure than a 0.15M or 0.9% solution of 
NaCL For example, the complex in isotonic buffer can be 
made 40-55% hypotonic or 0.075M simply by adding an 
amount of distilled water that is equal to the volume of the 
complex in isotonic buffer. The hypotonic complex solution 
then is added to the cells that have been treated with the 
primer solution. Cells remain in the hypotonic DNA- 
polypeptide solution for 3-4 minutes. Fresh medium then is 
added to the cells to rinse away excess DNA-polypeptide 
solution. Thereafter, the cells arc grown normally. 

Producing a Synthetic Polypeptide Molecule 

An example of an synthetic polypeptide molecule of the 
present invention is one consisting of the amino acid 
sequence PKXK3yCVSGGGGGKKKKKKKKKKKK( SEQ 
ID NO:56)- Such a peptide can be synthesized using stan- 
dard methods of peptide production, and purified by stan- 
dard methods using high pressure liquid chromatography 
(HPLC). 



Selection of Stably Transfected Cell Lines 

TYansfected cells are grown id regular growth medium for 
4S hours, and then plaled in selective medium containing 
400 ug/ml of G418. Cells were plated at a density of 
100-1000 cells per 60 cm 2 dish. The number of G418- 
resistant colonies was determined two weeks after the ini- 
tiation of selection. Other selectable markers, such as pHyg. 
may be used to achieve the results of the instant invention. 
K- Blochlinger. et a!.. MoL CtlL Bid 4: 2929 (1984). 

This method gave a stable-transfection efficiency of 
5-10%. Similar results were obtained using either G418 or 
hygromycin selection. In general the stable transfection 
efficiency achieved by the method of the instant invention is 
a few orders of magnitude greater than prior art methods. 
The instant invention* s5- 10% efficiency is several orders of 
magnitude better than the efficiency of the DNA-CaP0 4 
co-precipitation method and at least equal or 5 times greater 
than the fairly high 1-10% level of stable transfection 
efficiency achieved by viral based methods. 



TABLE H 



Method 


Stabfc Thus fee tioa Efficiency 


Feptide-Medbted 


5-10% 


Geoe Truster 




Retroviral vectors 


1-10% 


Nco-rxrai rrrfhorts 




(e.^CtPO,) 





That the transfectants of the instant invention are stable is 
shown by the following example. When G418 resistant 
colonies were grown without selection for variable period of 
times* and then tested for resistance to the antibiotic by 
plating the cells under clonal conditions, the same number of 
colonies were obtained both with and without G418. This 
result indicates that* once the cells arc selected for the 
expression of the Neo gene, the resistance gene was retained 
stably in the chromosome. 

Three different cell lines were used to test the efficiency 
of gene transfer of the new method. Mouse fibroblast cell 
line (L cells), mouse erythroieukcrnia cell line (C19TK). and 
COS cells. The COS cell line was used to establish condi- 
tions for transient gene expression. The eukaryotic expres- 
sion vector. CHI 10, contains bacterial p-gal and was 
employed in these studies. The P-gai gene in CHI 10 is under 
the control of SV40 virus early promoter. 

The COS cells were treated with primer and then exposed 
to DNA-polypcptide (2.5-5.0 ug) complex under hypotonic 
conditions. Aitcr this treatment, cells were returned to the 
normal growth condition. Transfected cells were grown at 
37* C. for 48 hrs. and stained for the expression of the P-gal 
reporter gene. Forty to fifty percent of the cells were positive 
for the expression of the reporter gene. 

Mouse L cells were transfected with eukaryotic expres- 
sion vector containing the Neo gene, which codes for the 
antibiotic G418 resistance gene. L cells arc sensitive to G418 
at 400 ug/ml Cells plated in 24-wcll tissue culture plates 
were then transfected with synthetic polypeptide complexed 
to the plasmid pRS V-Neo via the methodology of the present 
invention. 
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A mouse erythroleukemia cell line. C19TK. also was used 
as a representative cell line for testing the transfectioQ 
efficiency of the present invention with respect to hemato- 
poietic cells. The expression vector. pDR2. which carries a 
hygromycin-resistance gene, was used for these studies. 
C19TK cells are exquisitely sensitive for the antibiotic 
hygromycin. This cell line grows in suspension and. hence, 
was transfected in suspension. 

Briefly, about million cells are spun down and the cell 
pellet is treated with primer. The cells are then exposed to 
DNA-polypepride complex under hypotonic condition. 
Forty-eight hours after transfection. a known number of 
cells are plated in microtiter plates with hygromycin. The 
number of wells with growing population of cells was 
enumerated to determine the transfection efficiency. The 
stable transfection efficiency was about 1-5%. as compared 
to most of the other non- virus-based methods that are very 
poor. Thus, the method described herein is very efficient for 
stable transfection efficiency both for hematopoietic and non 
hematopoietic cell lines. Only some retrovirus based vectors 
give a transfection efficiency comparable to me efficiency 
obtained with the current method for hematopoietic cell 
lines. See Gilboa. et aL (1986). Miller, et aL (1986). 
Stuhlrnann. et al. (1989), Miller, et aL (1989), and ZwiebeL 
et aL (1989). each cited above. 

EXAMPLE 2 
Transfer of Genes into Human Primary Cells 

The gene transfer method of the present invention was 
used to generate extended life cell lines from different 
human primary cells. Most of the primary cells have a 
limited in vitro life span. The following cell types were 
employed to test the efficacy of the inventive method to 
generate extended-life cell lines by transfer of various 
oncogenes, either singly, in pairs of combinations, or com- 
binations of more than two oncogenes. Rhim. J. S.. et aL. 
Oncogene 4: 1403 (1989). 

EXAMPLE 3 

Production of Extended Life Cell lines 

The method of introducing genes into primary ceils is the 
same as that described above for introducing genes into 
established cell lines, such as the mouse fibroblast cell line 
L cells and the mouse erythroleukemia cell line C19TK. The 
main difference is that the host cell is a primary cell isolated 
from different species, human or other mammalian species, 
and the primary cells have only a limited in vitro life span. 
The isolation of primary cells from various tissue sources 
are well known to those of skill in the art 

In order to extend the life of primary cells that are 
endogenously incapable of extended growth in vitro, the 
cells arc transfected with different oncogenes, such as S V40 
large T antigen, polyoma large T antigen, adenovirus El A 
and E1B. v-fms. Be 12. myc and ras. The oncogenes can be 
used either alone, in pairs of various combinations, or io 
combinations of more than two oncogenes. 

In addition, other genes that do not come under the 
category of oncogenes may be used. For example, genes that 
are important for DNA synthesis and normally active during 
the S phase of the cell cycle, such as the dihydrofolate 
reductase gene (DHFR). thymidine kinase eenr. thvmiHvlatf. 
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synthetase gene, a DKIF1/E2F transcripdoa factor encoding 
DNA. or DNA encoding the E2F transcription factor can be 
completed to synthetic polypeptide and used to extend the 
life of primary ceils. The human DHFR gene completed to 
synthetic polypeptide can be introduced into primary cells to 
produce extended life cell lines. DNA encoding a transcrip- 
tion factor that is active during the S phase of the cell cycle 
are particularly useful in the method of the instant invention. 
La Thangue. N. B. Trends in Biochemical Sciences 19: 108 
(1994); Johnson. D. G. et aL. Nature 365: 349 (1993), fee 
respective contents of which are hereby incorporated by 
reference. 

Because untreated primary cells have only a limited life 
span in vitro, their ability to grow continuously in culture 
after treatment with the present invention served to select for 
extended life cell lines. No other drug selection markers 
need to be used to select for extended life cell lines derived 
from primary cells. 

To produce extended life cells lines from primary cells, 
newly cultured primary cells were treated by the method of 
the present invention employing synthetic polypeptide con- 
jugated with various oncogenes, such as SV40 large T 
antigen and/or Adeno E1A. The treated cells were plated in 
their appropriate growth media and passed after the ceils 
reached confluency. A parallel set of a control untreated 
primary cells were cultured under the same growth condi- 
tions. Typically, control primary cells stop growing after 
about 4-10 passages, depending upon the cell type (cell split 
ratio was usually 1:4 by surface area). In contrast, continu- 
ously growing cell lines were obtained from different pri- 
mary cell types described in the following examples. 

EXAMPLE 4 

Analysis of Transformed (Extended Life) Cells 

Extended life cell lines containing the oncogene are 
identified by restriction cleavage. Southern analysis and/or 
Northern analysis using appropriate DNA probes. 

The DNA of each transformed extended life cell line is 
analyzed by Southern hybridization to determine whether 
the cell lines carry the oncogenes used to establish such 
extended life cell lines. DNA is extracted from the cell lines 
and the nucleic acid pellet is re-suspended in 200 pi of 10 
mM Tris-Q pH 7.4. 0.1 mM EDTA, and 10 ug is digested 
with a specific restriction enzyme, electrophoresed through 
1.0% agarose, and transferred to nitrocellulose. Southern. J. 
MoL Biol 98: 503 (1975). raters are hybridized to a 
radioactively labelled DNA. encoding each of the oncogenes 
that gave rise to the corresponding extended life cell line, in 
the presence of 10% dextran sulfate. After overnight 
hybridization, the filters were washed twice in 2 X SSC. 
0.1% SDSat (A z C. 

Each transformed extended life cell line is analyzed by 
Northern hybridization to determine whether the cell lines 
transcribe the oncogenes. Cells not containing the oncogene 
of interest will not demonstrate transcripts in a Northern 
analysis whereas cells containing the DNA of interest will 
demonstrate a detectable transcript. Also, an FT .ISA method 
was used to detect the presence of oncogene products in 
some of the extended life cell lines, using publicly available 
antibodies that recognize the corresponding oncogene pro- 
tein. 
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The presence of SV40 large T antigen and adenovirus 
El A gene products in the HUVEC extended life ceil line, as 
detected by ELISA. are shown in table 2. Briefly, the cell 
line grown in a 96 well tissue culture plate is fixed with 
glutaraldehyde and paraformaldehyde. The cells are then 
treated with antibodies to the corresponding oncogenes. 
Thereafter, the cells are washed and then treated with a 
secondary antibody linked with to fj-gaiactosidase. The cells 
are washed and then treated with a substrate for 
p-galactosidasc. The reaction develops a product which is 
then measured using a miaoplate reader. 

To determine whether the extended life cell line has 
maintained the parental cell line phenotype may be deter- 
mined by a number of ways. . Extended life cells lines 
containing the oncogene are assessed by Northern analysis 
using a DNA probes encoding a cell-specific protein. The 
cell-specific DNA probe is labeled with 32 P-dCTP by nick 
translation pursuant, for example, to* Rigby et aL J* MoL 
Biol 113: 237 (1977). Northern hybridization indicates that 
the extended life cell line is capable of transcribing the 
cell-specific protein. 

Also, the maintenance of the parental phenotype in cells 
lines established according to the present invention can be 
determined by a number of biochemical methods, such as 
ELISA and enzyme assays, that determine the presence or 
function of a protein specific to the parental cell line. An 
antibody recognizing a protein produced only bytbe parental 
cell line can be used in an ELBA of immunofluorescence 
assay. Cell- specific markers are well known to those of skill 
in the art. For example, albumin is a marker for hepatocytes. 
insulin is a marker for pancreatic beta islet cells, factor VHI 
is a marker for endothelial cells, actin and myosin are 
markers for smooth muscle cells, and non-specific esterass 
is a marker for brain microglial cells. In Table IL the parental 
phenotype of the extended life endothelial cells produced by 
the present method of the invention was verified by several 
FT IS As to determine the expression of cell-specific endot- 
helial markers. The parental phenotype of the monocyte/ 
macrophage extended life cell lines produced by the present 
method was verified using a lysozymc enzyme assay to 
measure macrophage specific markers. 

EXAMPLE 5 

Human Umbilical Vein Endothelial Cells 

Endothelial cells isolated from the human umbilical vein 
can only be cultured for a limited of passages, usually five 
to six. These cells were transfected with a combination of 
oncogenes. SV40 large T antigen and adenovirus El A. or 
with another combination of genes. At least two oncogenes 
are needed to develop a truly transformed cell line. Ruiey. H. 

R, et aL. Nature 304: 602 (1983). For the instant invention. 
SV40 large T antigen combined with v-rayc or ras or some 
an other oncogene can be used. When the gens encoding 
SV40 large T antigen is combined with either adenovirus 
E1A or E1B genes in the method of the instant invention, 
extended life cell lines may be produced from human 
umbilical vein endothelial cells. El A or E1B or SV40 large 
T antigen alone did not give rise to established cell line with 
the high frequency obtained from using SV40 large T 
antigen in combination with E1A or E1B. Synthetic 
polypeptide compiexed to DNA encoding either the SV40 
large T antigen or polyoma large T antigen combined with 
the E2F1 transcription factor gens also produces extended 
life HUVEC ceils lines. 
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Since the non-transfected primary cells normally grow in 
vitro only for a limited population doublings, ceils that have 
taken up the oncogenes capable of generating extended life 
span cell lines were selected simply by repeated passage of 
the cells. When the transfected population of cells grows 
continuously, as compared to a control population of paren- 
tal cells, it is reasonable to conclude that the oncogenes used 
are capable of generating extended life cells from a given 
cell type. 

In HUVEC for example, SV40 large T antigen and 
adenovirus ELAor E1B were effective in giving rise to a cell 
line. This cell line has now been growing in culture for 40 
passages. In contrast normal HUVECs stop growing by 
passage 7 or 8. Such ceil lines arose with a high efficiency. 
It also is possible to generate cell lines using as few as a 
couple of hundred cells, grown either in a 24- or 4S-well 
plate. These ceils also have the same morphological appear- 
ance as the primary HUVEC and also display many of the 
biochemical properties characteristic of normal HUVEC 

Some of the properties that are characteristic of endothe- 
lial cells that were measured in the HUVEC extended life 
cell line are also listed in Table 2. These properties were also 
measured by EUSA using specific antibodies listed in the 
Table 2. 

TABLE m 

. ELISA as*ay for Jbc expression of EX-AM- 1. VCAM-1. 
ICAM-1, SV40 large T antigen lod 
adenovirus E1A by encoded life HUVEC line 

QJ^a 



Anribody -U^l +IL-1 



Control 


0.071 


o.o69 


And ELAM-1 


0.212 


1.016 


And VCAM-1 


0.146 


0.520 


And JCAM-l 


0.422 


1.524 


Am SV40 large T 


0.618 




And E1A 


0.725 





EXAMPLE 6 
Human Cord Blood-Derived Monocyte Cell Line 

Adherent cells from human cord blood cells were trans- 
fected with different combinations of oncogenes in suspen- 
sion using the method of the present invention. The resulting 
cells arc selected in Granulocyte-Macrophage Colony 
Stimulating Factor (G-CSF). Control cells did not grow in 
culture, whereas growing populations of monocytes were 
obtained with several combinations of oncogenes. One 
preferred combination of polyoma large T antigen and 
adenovirus E1B encoding DNA produced extended life 

monocyte cells lines with somewhat higher efficiency than 
other combinations. Another preferred combination of SV40 
large T or polyoma large T antigen and the E2F1 transcrip- 
tion factor gene produces monocyte extended life cells with 
high efficiency. The monocyte extended life cells also dis- 
play many of the properties of normal monocytes, which 
illustrates the utility of the present invention in generating 
cell lines of hematopoietic origin. 
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EXAMPLE 7 



Extended Life Human Aortic Smooth Muscle Cells 

The method of the instant invention has also been used to 
generate extended life cell lines using a specific combination 
of oncogenes. Human aortic smooth muscle ceils were 
obtained from Clonetics Corporation (San Diego, Calif. 
U.S.A.) and transfectcd with several combination of onco- 
genes. The combination of polyoma large T antigen and EiB 
gave rise to a continuously growing population of smooth 
muscle ceils. Another preferred combination of SV40 large 
T or polyoma large T antigen and the E2F1 transcription 
factor gene produces extended life human aortic smooth 
muscle cells with high efficiency. This cell line resembles the 
early passage primary aortic smooth muscle cells morpho- 
logically. The extended life human aortic smooth muscle 
ceils also express smooth ceil actin and myosin well beyond 
passage 20. 

EXAMPLE 8 

Other Extended Life Cell Types 

Primary cells from other species, such as rabbit and 
monkey, also have been used to generate cell lines. Trans- 
fection methods employed for primary cells from non- 
human species are similar to those used for human primary 
cells. When developing an extended life cell line from a new 
primary cell, several different combinations of available 
oncogenes should be tried. For example, at least five or six 
pairs of combinations of SV40 large T antigen, adenovirus 
E1A. adenovirus EIB. polyoma virus large T antigen or 
others available to those in the art. That combination of 
genes that gives rise to an extended life cell lines from a 
given primary cell type is determined as described in the 
above examples. 

When the E2F1 transcription factor gens is complexed to 
synthetic polypeptide in combination with DNA encoding 
either the S V40 large T antigen or polyoma large T antigen, 
extended life cells lines can be produced from a variety of 
primary cell types, such as HUVEC. dermal microvascular 
endothelial cells, human aortic smooth muscle cells, and 
bone marrow rnonocyte/macrophage cells. Thus, the method 
of the present invention can identify a combi nation of 
oncogene DNAs that is highly efficient in producing 
extended life cells lines from the primary cells of various 
species. The present invention also cornprehends a combi- 
nation of an oncogene and an S-phase transcription factor 
gens which likewise is highly efficient in producing 
extended life cells lines from different types of primary cells. 

EXAMPLE 9 

Identification of Cell Type-Specific Transcriptional 
and Translatioaai Regulatory Sequences 

The present invention provides a screening system for 
identifying sequences that influence the expression of cloned 
genes in various primary ceil types from different species. 
The instant invention can identify cell type specific tran- 
scription and translatioaai regulatory sequences. The 
sequence in question typically will be cloned into a vector 
containing a reporter gens, such as cWoramphenicol acetyl 
transferass or iuciferass. and then transfectcd into various 
cell types using the method described herein. Expression of 
the reporter gens determines the tissue specificity of the 
regulatory sequence. 
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SEQUENCE LISTING 



( I > GENERAL INFORMATION; 

< i i i ■) NUMBER. OF SEQUENCES. 56 



( 2 )INPORMAnON PORSEQIDNChl: 

( i ) S3QUENCE CHARACTERISTICS: 
{ A ) LENGTH: 5 waxao modi 
( B ) TYPE nbo aod 
( C ) STRANDEDNESS: aagk 
( D >TOPOLOOY:S*cw 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.i: 

Lji lie Pro II* t; t 



( 2 ) INFORMATION FOR SEQ ID NO-2: 

* i > SEQUENCE CHARACTERISTICS: 

< A ) LENGTH: 12 aoiao ackk 

< 8 ) TYPE: amao acid 
( C ) STRANDEDNESS: 
( D ) TOPOLOGY: taear 

( x i ) SEQUENCE DESCRIPTION: S3Q ID N02: 



V * I Arg !te Leu CI a Ser Trp Pbt A) t Ly J Asa I 
1 5 10 



< 2 > INFORMATION FOR S5Q ID NO J: 

( i ) SEQUENCE CHARACTERISTICS* 
t A > LENGTH: 7 ammo tads 
I B > TYPE: acxmo acid 
( C > STRANDEDNESS- imgie 
t D } TOPOLOGY: hoc* 



t I i > SEQUENCE DESCRIPTION: SEQ ID NOJ; 

Pro Lys L y » L y * A t g Ly j V a 1 

I 5 



{ 2 ) INFORMATION FOR SEQ ID NO.4: 

( i ) SEQUENCE CHARACTERISTICS: 
{ A ) LENGTH: 10 amino and* 
i B > TYPE: amwo and 
f C ) STRANDEDNESS: im^Ie 
f D > TOPOLOGY. Use* 

lit) SEQUENCE DESCRIPTION: SEQ ID NO.4: 

Ala Ala Pbe ON A*p Leo Arg V « ] Arg Set 

I 5 10 



C 2 ) INFORMATION FOR SEQ ID NO:3: 

{ i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 4 aaaac aad* 
{ B ) TYPE: atoao acsd 
< C > STRANDEDNESS: tm&c 
\ D > TOPOLOGY: tiacar 

( z i ) SEQUENCE DESCRIPTION: SBQ ID NO-.5: 

Pro Arg L jr » Arg 
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( 2 ) INHUMATION FOR SBQ ID NOfe 



( i ) SEQUENCE CHARACTERISTICS: 
{ A > LENGTH: 9 assao mod* 
( B > TYPE: moo ackj 
( C ) STRANDEDNESS: uagie 
f D > TOPOLOGY: luear 

( x 1 > SEQUENCE DESCRTPTtON: SBQ ID N06: 

Val Set Arg Lri Art Pto Arg Pro Ala 
J 5 



{ 2 ) INFORMATION FDR SBQ fD NO.7: 

( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 6 aatao acids 
( B ) TYPE: «bm arid 
( C ) STRANDEDNESS: tisgk 
( D ) TOPOLOGY: linear 

< x i i SEQUENCE DESCRIPTION: SBQ ID NO:7: 

Ala Pro Tbt Lyj At | Lyi 

1 5 



( 2 ) INFORMATION FOR SBQ ID NOrS: 



( i ) SEQUENCE CHARACTERISTICS: 
{ A ) LENGTH: 5 asouo aod* 
< B i TYPE: axabw acid 
( C > STRANDEDNESS: *±sie 
O * ^ i TOPOLOGY linear 

<~ (x») SEQUENCE DESCRIPTION. SBQ ID NO S. 

$zs=. ty» Ai | Pro Arg Pro 

Ibaf 1 5 



( 2 ) INFORMATION FOR SBQ ID NO-9- 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH. 7 ansae iod* 
( S ) TYPE, annao *cnd 
( C ) STRANDEDNESS: c=^c 
( D ) TOPOLOGY- bacar 



( x i > SEQUENCE DESCRIPTION: SBQ ID NO^- 

Pio Met Lp 1 L y » Ly » Arg Ly » 
t 5 



< 2 ) INFORMATION FOR SBQ ID NO-.10* 

{ i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH. 17 ansae aodt 
( 8 ) TYPE: maao acid 
( C ) STRANDEDNESS: sagk 
( D ) TOPOLOGY: fiaear 

{ x i ) SEQUENCE DESCRIPTION: SEQ ID NO- 10: 

Arg Pro AI* At* Tbt L y t Ly » Ala Oly Ola Ala L y f L y * L y * Ly i Leu 
I 3 10 13 

A * p 



< 2 > INFORMATION FOR SBQ ID Nail: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 5 acttao tod* 
( B > TYPE* aoaao acid 
( C l STRANDEDNESS: tm&r 
( D ) TOPOLOGY: liaear 

( x i ) SEQUENCE DESCRIPTION: SEQ CD NO:II: 

L y i Ly t L y t lie Ly j 
1 5 
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( 2 ) INFORMATION FOR SEQ ID NO: 12: 



( i )SBC3UENCECHARACIBUSrnCS: 
{ A } LENGTH: 19 ow todt 
< B > TYPE: mmrno add 
i C > STRANDEDNESS: i^U 
{ D ) TOPOLOGY: Em 

( * i ) SEQUENCE DESCRIPTION; SBQ ID NO:12: 

Aff V»t Thr tl« Ar« Thr Vil Ar» V*l Art Art Pro Pro Lyi 01 y Lt » 

i 5 10 15 

His Aw t Lyt 



t 2 ) INFORMATION FOR SBQ ID NO.13: 

( i \ SEQUENCE CHARACTERISTICS: 
{ A ) LENGTH: 7 rrrj^v rrt* 
I B >TYPB:*a*o«cid 
< C ) HANDEDNESS: iin«fe 
f D ) TOPOLOGY: Ibear 

< x i ) SEQUENCE DESCRIPTION: SBQ ID NOt3: 

oi r Lm i-y» At| Sei ir i At* 

I 5 



( 2 ) INFORMATION FOR SBQ ID NO. 14. 

( i > SEQUENCE CHARACTERJST1CS: 
i A ) LENGTH: 7 nsbo sods 
( B > TYPE- xnmo tod 
( C ) STRANDEDNESS: mgle 
( D ) TOPOLOGY- 

(xi) S5QUENCE DESCRIPTION: SBQ ID NO I*. 

L j $ Al* Ly j Arg S * r Ly I At • 

t 5 



( 2 ) INFORMATION FOR SBQ ID N015: 

{ i ) SEQUENCE CHARACTERISTICS: 
( A } LENGTH- 5 tsxxs *ods 
{ B > TYPE: aauko «nd 
( C ) STRANDEDNESS: *m&c 
{ D ) TOPOLOGY: Enc* 

< x i > SEQUENCE DESCRIPTION: SBQ ED NO: 15. 

Aip Arg Leu Ar g Arg 

1 5 



{ 2 ) INFORMATION FOR SBQ ID NO-16: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 6 snzzo aodt 
( B } TYPE: Jtrano *r>d 
< C ) STRANDEDNESS: sngfe 
( D ) TOPOLOGY: \u*m 

(Ji) SEQUENCE DESCRIPTION: SBQ CD NO-16: 

Pro Lp Ola Ly i Arg L y » 

I 5 



( 2 ) INFORMATION FOR SBQ ID NO: 17: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 7 cano wads 
{ B > TYPE: xouo acid 
( C > STRANDEDNESS: mgle 
( D > TOPOLOGY: fine* 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NO; 17; 

V • I Ari Ly • Ly* Ar§ Ijr t Thr 

1 5 
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( 2 > LNPORMATION FOR SBQ ID NO.IS: 



< « ) SEQUENCE CHARACIERISnCS: 
< A ) LENGTH: 7ao*ao atadt 
( B ) TYPE: ansae* acid 
(C) STRANDEDNESS: sat^k 
( D >TOrX>LOaY:EaeaT 

< x » ) SEQUENCE DESCRIPTION: SEQ ID NOU: 

Ala Ly. Lyi S er Lyt ol# Olo 

1 S 



( 2 ) INFORMATION FOR SBQ ID NO 19: 

( i > SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 9 kuo arid* 
i B )TTPE: acmaoackj 
(C) STRANDEDNESS: tw$fe 
< O ) TOPOLOGY: hat* 



{ x i \ SEQUENCE DESCRIPTION- SEQ ID NO 19: 

Pro Alt A I a Lyj Arg V a ] Ly f Leu Aip 

I 5 



t 2 > INFORMATION FOR SBQ ID NO20: 

f i ) SEQUENCE CHARACTERISTICS: 
f A ) LENGTH: 10 asxoo acidi 
t B )TYPE: amuo and 
( C > STRANDEDNESS cs$ie 
I D ) TOPOLOGY: b«r 

I i i j SEQUENCE DESCRIPTION: SEQ ID NOO£>: 

Arg Ola Arg Arg Asa Olu Leu L y » Set P b 1 
I $ ! 0 



( 2 } INFORMATION FOR SBQ ID N021. 

( j ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 7 aasao aad* 
( B ) TYPE: ansiao acid 
( C } STRANDEDNESS- tmgir 
( D )TOPOLOOY:fecar 

( I i > SEQUENCE DE6CRiPl rO N: SEQ ID NCK2I: 

Tbr L y i Ly i Arg L y * Leu Glu 
1 3 



< 2 > INFORMATION FOR SBQ ID N022: 

< i ) SEQUENCE CHARACTERISTICS: 

< A ) LENGTH: 7 aoxao «adi 
{ B ) TYPE: araiao acid 

i C ) STRANDEDNESS: csgk 

< D ) TOPOLOGY: fiacaT 

(xi) SEQUENCE DESCWFTJON: SBQ ID NO-22: 

Pro L y * Tbr Arg Arg Arg Pro 

I 5 



t 2 > INFORMATION FOR SBQ ID N023: 

{ i > SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 7 accao aod* 

< B >TYPE: amino acid 

{ C > STRANDEDNESS: nogfe 

< D > TOPOLOGY: Eacar 

< x i ) SEQUENCE DESCRIPTION: SBQ ID NCh23: 

S«r Ola Arg Ly i Arg Pro Pro 
1 5 
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( 2 ) INFORMATION FOR SBQ ID N034: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 12 oao *=A 
{ B ) TYPE: mxaao acid 
( C ) STRANDEDNESS: riagfe 
C D ) TOPOLOOT: liaear 

( x i > SEQUENCE DESCRIPTION: SBQ ID NOS2*: 

Af | Ln Pro v»l Art Ar | ' At | Art Art Art v »* fro 

I 5 10 



( 2 ) INFORMATION POR SBQ ID N025: 

< t ) SEQUENCE CHARACTERlSTiCS: 
( A ) LENGTH: 5 mxmm _a^b 

( B > TYPE: acxnao acid 

I C ) STRANDEDNESS mgk 

( D ) TOPOLOGY* hxm 

( i i ) SEQUENCE DESCRIPTION- SBQ ID NO.25: 

G 1 y Arg Ly » Ly J Arg 

1 5 



( 2 > INFORMATION FOR SEQ ID N026: 

( » ) SEQUENCE CHARACTERISTICS: 
{ A ) LENGTH: 13 xzxac anrfs 
t B ) TYPE: mmao acid 
\ C ) STRANDEDNESS: tmgle 
f D > TOPOLOGY: haear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N036: 

V*l Art Tb i Tbr Lj » G 1 y L y » Atg Lr j Arg lie A»p V»t 

1 5 10 



( 2 > INFORMATION FOR SEQ ID N027: 

{ i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 5 imuo aod* 
( B ) TYPE: amino acid 
{ C ) STRANDEDNESS: nagfe 
( D ) TOPOLOGY: kx* 

(it) SEQUENCE DESCRIPTTON: SEQ ID NO-.27: 

Alt 1-y • Pbe Lyi Ly i 
I 5 



( 2 > INFORMATION FOR SBQ ID NO:2S: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: S wbzbbo acid* 
( B >TTPE:«aioo*od 
( C ) STRANDEDNESS: tmgic 
i D >TOPOLOOY: hxM 

{ i i ) SEQUENCE DESCRIPTION: SEQ ID NO-JS: 

Art Art At ■ Atf Arg Ar| A * t Ifp 

I 5 



( 2 ) INFORMATION FOR SBQ ID N029: 

( i ) SBQUENCE CHARACTERISTICS: 
( A ) LENGTH: 15 amiao acxfe 
( 8 ) TYPE: maoo acid 
( C ) STRANDEDNESS: aigfe 
(D > TOPOLOGY: fi*ear 

( i i ) SEQUENCE DESCRIPTION: SBQ ID 

Pre Art S*t Oly Lj I Lyi Art L 7 • Ar» Ly i Art Leo Ly i Pro Tbr 
15 10 15 
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( 2 ) INFORMATION FOR SEQ ID NOiX* 



< i ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 5*33boacid* 
( B ) TYPE: amiao acid 
( C ) STRANDEDNESS: ti&gie 
i V ) TOPOLOGY: Ene* 

< x i ) SEQUENCE DESCRIPTION: SBQ H> NOOO: 

L y « L y * L; i L)r i Ly i 
1 5 



f 2 ) INFORMATION FOR SEQ ID N03I: 

{ i > SEQUENCE CHARACTERISTICS: 
( A j LENGTH: 5 *rr.no aodf 
( B > TYPE: accafio acid 
( C ) STRANDEDNESS. smgle 
( D ) TOPOLOGY: fcaear 

{ x i ) SEQUENCE DESCRIPTION: SBQ ID NOJl: 

Pro Pre L jr » Ly j Aig 
I 5 



f 2 ) INFORMATION FOR SBQ ID N032: 

< t J SEQUENCE CHARACTERISTICS. 

{ A ) LENGTH: 6 acre and* 
( B ) TYPE: «xa»o mad 
{ C ) STRANDEDNESS: ™gtr 
( D t TOPOLOOY: tkaear 

( x } ) SEQUENCE DESCRIPTION: SEQ ID NOJ2: 

Pro L y i Lp Lyi Ly » Ly i 
1 5 



< 2 ) INFORMATION FOR SBQ ID NOJ3: 

( i ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 9 moo acad* 
( B ) TYPE: acriao acid 
( C ) STRANDEDNESS- nsk 
{ D ) TOPOLOGY: &>e« 

( x i ) SEQUENCE DESCRIPTION: SBQ ID N033: 

Set Ly » Arg V»I Ala Ly* Art. Ly i Leo 
t 5 



( 2 ) INFORMATION FOR SEQ ID NO-34: 

( i ) SEQUENCE CHARACTERISTICS: 
< A > LENGTH S acuo acada 
f B ) TYPE: acatao acid 
( C ) STRANDEDNESS: uagie 
( D ) TOPOLOOY: tiaear 

( x j ) SEQUENCE DE3CRIPTtON: SBQ ID NO-34: 

PfD L * o L * n Ly* Lyt It* lie Ol i 
I 5 



( 2 ) INFORMATION FOR SBQ ID NOJ3: 

t i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: t sxra acxb 
( B > TYPE: anno acsft 
< C ) STRANDEDNESS: «H«fe 
( D ) TOPOLOGY: Eacar 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NO-35: 

Pro Pro Ol* Lyt Ly* II* Ly • S « r 
t 5 
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( 2 ) INFORMATION FOR SEQ ID NOJ6: 



( i ) SEQUENCE CHARACTHUSHCS: 
{ A > LENGTH: 7«md »dd» 
( B ) TYPE: xauo nd 
( C ) STRANDEDNESS: 
( D ) TOPOLOGY: Hw 

( X i ) SEQUENCE DESCRIPTION: SBQ ID NO-J6: 

Pro OIb Pro Lyi Lys L y s Pro 
I 5 

f 2 1 INFORMATION FOR SEQ ID NO 37. 

< t } SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: IS saxao Kxb 
I B ) TYPE- «nao acid 
< C j STRANDEDNESS- •m&c 
( D ) TOPOLOGY: h«jr 

( x i ) SEQUENCE DESCRIPTION SEQ ID NOJ7; 

Pbe Lr i Arg L y * Hi* L y s L y » A * p lie Ser Gin An L y * Arg All V » 1 
1 5 tO U 

Arg A r | 

( 2 > INFORMATION FOR SEQ ID NO-3S: 

t i ) SEQUENCE CHARACTERISTICS: 
i A ) LENGTH. 9 jcaao aods 
i B ) TYPE: ammo acid 
( C ) STRANDEDNESS. r»gSc 
( D ) TOPOLOGY. hacM 

( x i I SEQUENCE DESCRIPTION: SEQ CD NO-J8: 

Ser Ly? Cys Lew OJy Trp Leo Trp OIj 
> 5 

< 2 ) INFORMATION FOR SBQ ID NCK39: 

( i J SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: S atautt «idj 
( B ) TYPE: rnbo icrf 
{ C ) STRANDEDNESS: im$le 
( D )TOPOLOOY: hacar 

< i i ) SEQUENCE DESCRIPTION: SEQ ID NOJ9-. 

GJy Lyj A:j Ly* A * o Lys Pro Ly* 
» 5 

( 2 > INFORMATION POR SEQ ID NO-O: 

( i ) SEQUENCE CHARACTERISTICS: 
f A > LENGTH: 7 axmx> adds 
{ B > TYPE: mono acid 
< C } STRANDEDNESS: 
( D ) TOPOLOGY: Bacar 

( * * I SEQUENCE DESCRIPTION: SBQ ED NOt40t 

Ly* Thi Art Ly* Hi* Arg Oly 
* 5 
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< 2 ) INFORMATION FOR SBQ ID NO:4t: 

( i ) SEQUENCE CHARACTERISTICS: 
{ A ) LENGTH: 7 m*> jod* 
f B ) TYPE: annao acid 
f C ) STRANDEDNESS: sagfe 
( D ) TOPOLOGY; Eacai 

f * i } SEQUENCE DESCRIPTION: SBQ CD N041; 

Lys Hi » A:j Ly> Hi i Pro Qly 
J 5 



< 2 > INrORMATTON FOR SBQ ID NO:«2; 

< i > SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: Itaowiok 



< B ) TYPE: «aa*o *cjd 

( C ) STRANDEDNESS: i*efe 

( D > TOPOUXJY: Sat* 

I I i > SEQUENCE DESCRIPTION: SEQ ID NO 42. 

Arg Arg Leo Alt Gin Ass Ar | OIu Ala Ata Arg Ly » Ser At g Leu Arg 
1 5 10 15 

L f * L y i 



( 2 ) INFORMATION FOR S5Q ID NO- 43' 

( i ) SEQUENCE CHARACTERISTICS: 
{ A ) LENGTH 16 anno 
( B > TYPE: saao aod 
( C > STRANDEDNESS- im^e 
( D ) TOPOLOGY. haear 

I x t ) SEQUENCE DESCRIPTION* SBQ ID NO-C: 

Ly i L t ' Arg Ala Art Leu V * J Arg A * i Arg O 1 u Scr Ala Ota Leu St: 

I 5 10 15 



jTJ ( 2 ) INFORMATION FOR SEQ ID N0.44* 

( i } SEQUENCE CHARACTERISTICS: 
fl | < A ) LENGTH: 5 aasao *ck5» 

'LI~. ( B ) TYPE, aniao acvi 

fy < C > STRANDEDNESS. ss#fe 

( D >TOfOLOGY: fiacar 

^3 ( x i ) SEQUENCE DESCRIPTION: SBQ ED NO«: 

Arg G 1 s Ar | L y > Ly i 
I 5 



( 2 > INFORMATION FOR SBQ ID NOv*5: 

{ t ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: IS anaao acid* 
( B ) TYPE: anaae acid 
( C ) STRANDEDNESS: tsxgk 
< D ) TOPOLOGY: haear 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NCM5: 

At | Ly i At | Lys Gin Scr Asa Arg Gtu Set Ala. Arg Arg Scr Arg Ty t 
I 5 tO 15 

Arg Lys 
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( 2 > INFORMATION FOR SEQ ED NO«5: 

( i ) SEQUENCE OURACTBUSTKS: 
( A ) LENGTH; D«m*»*a& 
( B ) TYPE: sxzao mad 
( C » STRANDEDNESS; *m& 

< D ) TOPOLOGY: fine* 

( 1 i ) SEQUENCE DCSOUFTtON: SBQ XD NO:«6: 

Ly » L; i An Ola Ly i Hit Lj • Leo L; i M* t L; i Ai« Ly i 

I 5 10 

( 2 ) INFORMATION FOR SEQ ID NO-*7: 

( i > SEQUENCE CHARACTERISTICS: 
f A } LENGTH; It kuo 

< B ) TOT: nw acid 

( C } STRANDEDNESS: c=*i* 
t D > TOPOLOGY: Em 

(it) SEQUENCE DESCRIPTION: SBQ tt> NO.47: 

Lys Ar* Pro A,g GU A,p A *p A, P Oly Giu Pro Set Glo Arg L p Arc 
' 5 1* 15 

Glo A r $ 

( 2 1 1NTORM.ATTON PGR SEQ ID NO-4$- 

( i ) SEQUENCE CHARACTERISTICS. 

( A i LENGTH. 17 «nu» a=kb 

< B >TYPE raaccid 

( C > STRANDEDNESS: sagk 
( D ) TOPOLOGY- hoc*- 

( x i > SEQUENCE DESCRIPTION SEQ ED NO 48: 

Ly. Leu A rfr » fo GU A.p A,« Tyr Me Ot» Tbr ON Ly, Tyr Gly Afg 

5 15 

Ar g 

{ 7 ) INFORMATION FOR SBQ ID NO 49, 

( i ) SEQUENCE CWVUCTERISTICS: 
t A > LENGTH. 15 axioo ^ 
» B ) TYPE- «nbo arid 
< C } STRANDEDNESS. utgk 
( D > TOPOLOOY. linear 

f i i > SEQUENCE DESCRIPTION SEQ ID NO 49: 

Ly. Tbr Ly* T,, Oly Ser A.p Tbr Oiu Me Ly. L., Lea Se, L y , 

5 '° 15 

f 2 > INFORMATION FOR SEQ ID &OSO: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH; 20 cuo 
( B )TYPB: Mtiooicid 
( C ) STRANDEDNESS. sio^l* 
< D ) TOPOLOGY line^ 

(Xi) SEQUENCE DESCRIPTION SBQ CD MOJO: 

Me. Gto Gto AU V.! Tbl Met A1 , p f c A| . Al- y-1 ^ ^ ^ ^ 

5 *° 15 

V»l Oly A » j> p fo 

3 0 
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< 2 ) INFORMATION FOR SBQ ID SOSU 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 15 -~«~ ^ 
( B ) TYPE: dm acri 
( C ) STRANDEDNESS: n«h 
{ D ) TOPOLOGY: Uaear 



( x i ) SEQUENCE DESCRIPTION; SBQ ID N03I : 

Met Tyr Am Ala lie Leu Arg Arg Lyi Lea OI* Olo Aip Le« Ota 
1 * 10 15 



( 2 ) INFORMATION FOR SBQ ID NO.52: 



( i ) SEQUENCE CHARACTERISTICS: 
( A > LENGTH: 10 niio *ad» 
{ B > TYPE: mo acst 
( C ) STRANDEDNESS. wtgJe 
( D } TOPOLOGY- Haear 

{ x i ) SEQUENCE DESCRIPTION: SBQ ID N032r 

Oly A*p Arg Arg All All Pro Alt Arg Pro 

1 3 10 

I 2 ) INFORMATION FOR SEQ ID NO .53: 

( i ) SEQUENCE CHARACIERJSTICS- 
( A ) LENGTH; 10 mxao aod» 
{ B > TYPE: bckso acid 
( C ) STRANDEDNESS: sngfe 
( D > TOPOLOGY. bxM 

< x i > SEQUENCE DESCRIPTION SEQ ID NO-SJ. 

Met Ser Civ Arg Ly » Arg Ai g GIu Ly j Lea 
1 5 10 



< 2 > INFORMATION FOR SBQ ID NOJ*: 

t i ) SEQUENCE CHARACTERISTICS: 
{ A > LENGTH: 13 maaao *cxh 
( B ) TYPE: «mao ac*J 
( C ) STRANDEDNESS- sagfe 
( D > TOPOLOGY: hue* 

( x i \ SEQUENCE DESCRIPTION- SEQ ID N034: 

Met tie Ser GIu Al i Lea Art *- y s At* lie O! y Lyi Arg 
I 5 10 



< 2 > INFORMATION FOR SBQ ID NO£5: 

{ i > SEQUENCE CHARACTERISTICS. 

{ A > LENGTH: 16 *m*o *xk 
{ B ) TYPE: Misao acid 
I C > STRANDEDNESS- tk&e 
{ D ) TOPOLOGY- Laear 

< x i ) SEQUENCE DESCRIPTION SEQ ID NO.55- 

L y » Arg Pro Ala Ala Tbr Ly* Lyi All Gljr Oti Ala Ly* Ly* Ly* Ly i 

I 5 10 15 



( 2 ) INFORMATION FOR SBQ ID NChS6: 

( t ) SEQUENCE CHARACTERISTICS: 

< A ) LENGTH: 25 aaao acid* 
( B ) TYPE: aonao acid 

< C ) STRANDEDNESS: n&gfe 
* D >TOPOLOOY: baua 

( x i ) SBQUENCE DESCRIPTION: SBQ © NOJ6: 

Pro Lyi Lyi Lyi Arg Lyi Yil Set Oly Oly Oly Oly Gly Ly* Ly* Lyi 
" * 10 15 

Ly* Lyi Ly* Lyi Ly* Ly* Lyi Lyi Ly* 

2 0 2 5 



25 



What is claimed is: 
t/f . A transection vector comprising a synthetic polypep- 
tide linked electrostatically to a DNA structural sequence, 
forming a polypeptide- DNA complex, wherein said 
polypeptide is comprised of (A) a polymeric chain of basic 
amino acid residues. (B) a audear localization signal (NLS) 
peptide and (Q a hinge region of neutral amino acids that 
connects said polymeric chain and said NLS peptide. 

- - 2. The vector of claim 1, wherein said polymeric chain is 
comprised of between 10 and 50 residues. 

x 3. The vector of claim 1. wherein said basic amino acid 
resiaues are selected from the group consisting of lysine* 
argLnine and ornithine. 

4. The vector of claim 1. wherein said NLS peptide is 
selected from the group consisting of a Simian Virus 40 
(SV40) large T antigen nuclear localization signal sequence, 
a polyoma large T antigen nuclear localization signal 
sequence, an adenovirus Ela nuclear localization signal 
sequence, and an adenovirus Elb nuclear localization signal 
sequence. 

5. The vector of claim 1. wherein said hinge region is 
comprised of between 6 and 50 amino acid residues. 

6. The vector of claim I. wherein said neutral amino acids 
arc selected from the group consisting of glycine, alanine, 
leucine and isoleucinc. 

7. The vector of claim 1. wherein said NLS peptide is 
located at the amino terminus of said polypeptide and said 
polymeric basic amino acid chain is located at the carboxyl 
terminus. 

8. The transection vector of claim 1. further comprising 
(D) a cell type-specific ligaad molecule. 

9. The transfection vector of claim 1. wherein said DNA 
structural sequence comprises (a) a segment coding for 
SV40 large T antigen or polyoma large T antjgen and (b) a 
transcription factor gene. 

10. A vector according to claim 1. wherein said DNA 
structural sequence comprises an oncogene. 

11. A vector according to claim 10. wherein said oncogene 
is selected from the group consisting of SV40 large T 
antigen, polyoma large T antigen, adenovirus El A. aden- 
ovirus EIB, v-fms. BC12. myc. and ras. 

12. A vector according to claim L wherein said DNA 
structural sequence comprises a DNA sequence selected 
from the group consisting of a dihydrofolate reductase gens 
(DHFR). a thymidine kinase gens, a thymidyiate synthetase 
gene a DRTF1/E2F transcription factor-encoding DNA 
sequence, and an E2F transcription factor-encoding DNA 
sequence. 

13. A process for producing a transformed mammalian 
cell line, comprising the step of transfecting a irtaramaUan 
ceil with a vector according to claim L wherein said DNA 
structural sequence comprises a DNA sequence selected 
from the group consisting of a dihydrofolate reductase gene 
(DHFR). a thymidine kinase gene, a thymidyiate synthetase 
gene a DRTF1/E2F transcription factor-encoding DNA 
sequence, and an E2F transcription factor-encoding DNA 
sequence. 

14. A process for producing a transformed mammalian 
cell line, comprising the step of transfecting a mamnialian 
ceil with a vector according to claim 1, wherein said DNA 
structural sequence comprises an oncogene. 
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15. A transfection vector comprising a synthetic polypeptide linked 
electrostatically to a DNA structural sequence, forming a polypeptide-DNA complex, 
wherein said polypeptide is comprised of a nuclear localization signal (NLS) peptide, 

5 16. A transfection vector wherein said transfection vector is purified and 

comprises a synthetic polypeptide linked electrostatically to a DNA structural sequence, 
forming a polypeptide-DNA complex, wherein said polypeptide is comprised of a 
nuclear localization signal (NLS) peptide. 

10 17. A transfection vector in a kit wherein said transfection vector comprises 

a synthetic polypeptide linked electrostatically to a DNA structural sequence, forming a 
polypeptide-DNA complex, wherein said polypeptide is comprised of a nuclear 
localization signal (NLS) peptide. 

15 18. A transfection vector outside a cell wherein said transfection vector 

comprises a synthetic polypeptide linked electrostatically to a DNA structural sequence, 
forming a polypeptide-DNA complex, wherein said polypeptide is comprised of a 
nuclear localization signal (NLS) peptide. 

20 19. A process for producing a transformed mammalian cell line, comprising 

the step of transfecting a mammalian cell with a vector according to any of Claims 15- 
JJL 

20. A process for producing a transfected eukarvotic cell comprising the step 
25 of transfecting a eukarvotic cell with a vector according to any of Claims 15-18. 
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PEPTIDE-MEDIATED GENE TRANSFER 



Abstract of Disclosure 



A methodology that allows for highly efficient transfer and 
stable integration of DNA into both established eukaryotic 
cell lines and primary cells, including non-dividing cells 
such as human peripheral blood monocytes and 
macrophages, entails the use of a synthetic polypeptide 
comprised of a peptide domain which corresponds to a 
nuclear localization signal sequence and a DNA binding 
domain which is rich in basic amino acids, separated by a 
hinge region of neutral amino add which prevents stearic 
interference between the two do mai n s . 
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Assignment of Patent Rights 



THIS AGREEMENT ("Agreement"), effective as of July £ , 1999, 
is made by and between Genetic Applications LLC, a limited 
liability company ("GA") having its principal place of business at 
11009 Alonda CT. San Diego, CA. 92126, and AMBA Biosciences LLC, a 
limited liability company ("AMBA"), having its principal place of 
business at 504 East Diamond Avenue, Suite G, Gaithersburg, 
Maryland 20877. 

WHEREAS, GA is a seller, manufacturer and distributor of 
reagents useful in the field of molecular biology and is interested 
in acquiring all rights in and to United States Patent number 
567 0347, entitled "Peptide-Mediated Gene Transfer" ("Technology") . 

WHEREAS, AMBA is the sole owner of all patent rights under 
United States Patent number 5670347 and desires to permanently 
transfer all its equitable and legal rights and title in and to 
said patent to GA, including, but not limited to, the exclusive 
right to make, use, sell and license the Technology throughout the 
United States, and worldwide ("Territory") . 

NOW, THEREFORE, in consideration of the promises and the 
mutual covenants hereinafter set forth, GA and AMBA hereby agree as 
follows : 

1. COVENANTS AND PROVISIONS 

(a) AMBA does hereby sell, assign, transfer and convey all its 
equitable and legal rights and title in United States Patent number 
5670347 to GA, and its successors or assigns. 

(b) AMBA hereby represents and warrants that requests made to 
AMBA for use of the Technology shall be communicated to GA 
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JulvZ 1999 
GA: ft?) 



immediately and that GA shall have the sole and exclusive right to 
license the Technology. 

(c) AMBA further represents and warrants that it has 
investigated with due diligence its right to grant GA the rights 
set forth in this Agreement and believes that the use of the 
Technology does not infringe any patents or proprietary rights of 
any third party, 

2. CONSIDERATION 

(a) GA agrees to pay AMBA the amount of seven thousand dollars 
($7,000), the receipt of which is hereby acknowledged, which shall 
be creditable against future royalties arising from this Agreement. 

(b) GA shall pay AMBA 10% of all gross income earned by GA 
arising from the use of Technology assigned in this Agreement. 
Payment shall be made to AMBA within thirty (30) days of the end of 
each quarter in which such income is received. 

(c) GA shall pay AMBA 25% of any payment made to GA in 
satisfaction of money owed for use of the Technology prior to 
licensing. This shall include any legal or contractual settlement 
identified as a payment for prior infringement. Money paid under 
section 2(c) will not be included in calculating gross income used 
in 2(b). Payment shall be made to AMBA within thirty (30) days of 
the end of each quarter in which such income is received. 

3. RESPECTIVE RIGHTS 

(a) AMBA expressly acknowledges that all right, title and 

interest is to be held and enjoyed by GA and GA f s successors and 

assigns as fully and exclusively as it would have been held and 
enjoyed by AMBA had this assignment not been made. 
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(b) AMBA expressly acknowledges that GA shall have the right 
to sue any party infringing upon the rights granted under United 
States Patent number 5670347. Further, AMBA also expressly assigns 
to GA the right of action for past infringements. 

(c) The parties expressly agree that AMBA shall cooperate in 
all respects and make all relevant records, papers and 
information available to GA in the event of any suit GA may 
institute to enforce the patent rights pursuant to this agreement • 



(a) GA shall indemnify, defend and hold AMBA harmless from and 
against any claim, liability, loss, damage, cost or expense which 
GA may hereinafter incur or be required to pay to a third party 
resulting from or arising out of any material breach of any 
obligations, representations or warranties hereunder. 



(a) GA will provide AMBA with quarterly reports documenting 
all income from GA 1 s license of the Technology and/or GA's sales of 
any Products incorporating the Technology via surface or electronic 
mail. Each such quarterly report shall be delivered by GA to AMBA 
not later than forty five (45) days from the end of the quarter to 
which it is attributable. 



(a) All claims or controversies between AMBA and GA under this 
Agreement, or the interpretation hereof, shall be resolved by final 
and binding arbitration in San Diego, California in accordance with 
the then-existing commercial arbitration rules (the "Rules") of the 
American Arbitration Association ("AAA"), and judgment upon the 

License Agreement 3 July 2 1999 



4. INDEMNIFICATION 



5, BOOKS AND RECORDS 



6. RESOLUTION OF DISPUTES 




award rendered by the arbitrators may be entered in any court 
having competent jurisdiction thereof; provided, however, that the 
law applicable to any controversy shall be the law of the State of 
California, regardless of its or any other jurisdiction's choice of 
law principles. In any such arbitration, the award or decision 
shall be rendered by a majority of the members of a Board of 
Arbitration consisting of three (3) members, one of whom shall be 
appointed by the AAA in accordance with the Rules. The arbitration 
shall take place within forty-five (45) days of the demand for 
arbitration. The arbitrators shall render their decision in 
writing to the parties hereto and their respective counsel within 
twenty (20) days of the completion of the arbitration. 

(b) The parties consent to the exclusive jurisdiction of the 
courts located in San Diego CA for the resolution of all other 
legal controversies not expressly covered in section 6(a). The law 
applicable to any controversy in this section shall be the law of 
the State of California. 

7. GENERAL 

(a) This Agreement sets forth the entire understanding 
between the parties with respect to the subject matter hereof, 
supersedes all prior agreements, arrangements and understandings, 
whether written or oral. This Agreement shall be construed and 
enforced in accordance with the laws of the State of California 
applicable to contracts executed and wholly to be performed 
therein, without giving effect to the conflict of law principles 
thereof. The invalidity of any section, or provision of this 
Agreement shall not affect the validity of any other section, or 
provision of this Agreement, and each such section, or provision 
shall be enforced to the fullest extent permitted by law. 
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(b) The section headings contained herein are for reference 
purposes only and shall not in any way affect the meaning or 
interpretation of this Agreement. 

(c) Nothing herein contained shall be construed to place the 
parties hereto in the relationship of partners, joint venturers or 
fiduciaries. 

(d) In all aspects surrounding this assignment, both parties 
expressly agree to act in good faith in fulfilling their duties to 
the other party, as described herein. 

IN WITNESS WHEREOF, the parties have caused this Agreement to 
be executed as of the date first printed above. 



Genetic Applications, LLC. 



AMBA Biosciences, LLC. 





Title: 



Title 
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July 2, 1999 
GA: 



0n this Co day of J^^l'Wl , before me, 

l^Q vji\.-rv^ LO^<V, v/ v , the undersigned Notary 

Public, personally appeared ~ \^ ru U^\^y ^ \ 
ASSIGNOR, personally known to me (or proved to me on the basis of 
satisfactory evidence) to be the person whose name is subscribed 
to the within instrument, and acknowledged to me that he executed 
the same. 



Notary Public j> 

LAURA WERUNG 
NOTARY PUBUC STATE OF MARYIAND 
My Commission Expires October 1, 2002 
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GA:J^_ 



PATENT 

Docket No.: GENAPP.002RA 
Date: September 17, 1999 



REISSUE APPLICATION BY THE INVENTOR, OFFER TO SURRENDER 

(37 CFR 1.178) 

TO THE COMMISSIONER OF PATENTS AND TRADEMARKS: 

The undersigned applicant of the accompanying application for the reissue of letters patent for 
the improvement in PEPTIDE-MEDIATED GENE TRANSFER, U.S. Patent No. 5,670,347, issued on 
Sep 23, 1997, of which Genetic Applications, LLC is the sole owner by assignment, and on whose behalf 
and with whose assent this accompanying application is made, hereby offers to surrender said letter 
patent. 

Filed herewith is an abstract of title, duly certified, in accordance with the requirements of 37 



ASSENT OF ASSIGNEE TO REISSUE, 
ESTABLISHMENT OF RIGHT OF ASSIGNEE TO TAKE ACTION AND 
REVOCATION AND POWER OF ATTORNEY 

The undersigned is empowered to act on behalf of the assignee, Genetic Applications, LLC 
("Assignee"). 

In accordance with 37 CFR 3.73(b), Assignee represents that it is the assignee of the entire right, 
title and interest in the above-identified letters patent. Ownership by the assignee is established as 
follows. A chain of title from the inventor to the current assignee is shown below: 

1 . From : T. Venkat Gopal 

To: CLONEXPRESS, INC. 

An assignment which was recorded in the PTO at Reel 7076, Frame 0100. 

2. From: T. Venkat Gopal 

To: AMBA BIOSCIENCES 

An assignment which was recorded in the PTO at Reel 8558, Frame 0721. 

3. From: AMBA BIOSCIENCES, LLC 
To: GENETIC APPLICATIONS, LLC 

An assignment which was separately submitted for recordal, a true copy of which is attached. 



CFR 1.171. 



APPLICANT 





T, Venkat Gopal 



The undersigned has reviewed all the documents in the chain of title of the letters patent 
identified above, and to the best of the undersigneds knowledge and belief, title is in the Assignee. 



